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GENETIC REii'EftENCE MATEfaALS 



• « • »■ 

Field of Ifae feventioi^ — ^ 



Tb& invwjtxan relates to methods of producing and maintaining geneidc refeiiieztoe 
materials fin* use as coiilrols i^ 

I 

4 

Backgtouad and Prior Art known to the Applicant 

La clinical gaoetic diagnostics^ it h of utmo&t impoitaDoe that test lesults are accurate. In 



Aoxmal ibetus and a felse-negative result may lead to th$ birth Df» or failure to diagnose en 
affected child. In clinical settings, results of genetic tests may f6rm the basis for clinical 
29 intervention, and it h ess^ial therefore that the results obtain^ are soundly based* 
Increasingly^ genetic tests a» also wed to identify individuals in a population i7vho may 
have a pre-dl^positiaa to di&ease states. Knowledge of the pre-dispositLon miay lead to 
effective prophylactic measures, dth^ through clinical incarveiition or adjustment of 
lifei&tylc factors. 



To msure the reliability of such genetic ts^^ the use of genetic reference mat^ials allows 
positive or negative controls to be present in each te@t» thus validating the results. These 
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reference materials consist of DNA sequences, which thus far have been provided by one 
of lliree methods: 



1. PCR (polymerase chain reaction) product 
6 2. Plasmid-cloned PCR product 
3. Human genomic DNAt 

WMlst the use of PCR-poKhiced DNA may seem attartivB for production of genetic 
reference material using ihe sequence of interest^ It is associated vrith a number of 



16 



™«.-u«B«. cxnemeiy idige Quantity of DNA produced by such a technique (way 
m of that found in a typical patient sample) poses a significant co«ta««nati««t ri^ 
m a typmg laboiatoiy. Fwihennoie. law.PCR-produced DNA is unstabJe, leading to a 
Jack of pulsion in its rm. Aaofta problem that occi^s is .hat ih« reference genetic 
sequence produced by such a techniqiia is produced in isolation. i.e. vrithout the noimal 
backgrouadna.*.targetDNAlhatWdbe&undinapatient.deriv^ li^ ^ 

natura of such 8tanda«is is considerably di^a^ &otn the test samples Mdth fiie ri^ of 

arfceifects m the 



£0 



23 



30 



i .. .. " 

lons-tenn stebmcr. m, 1^ <rf ^ ,^ ^ 

I«» m qoalit, or DNA p™d««i ^ . ^ 

plasmid coring or the pKKDoe of muMpl* oopda of the phamid. 

of co««ni«.io„ ^ ^ j„ ^ ^ ^ 

disMvamagc. of it. o»». R^tly. h^ geK,„de UNA «,„^K in the to» of 
cdl^ ™i] he 00^ in ^ 3^ ,„ ^ 

h«dlu.g of UVB E^Bar Vta Witt ^ ^ ^ 

^P^««i™ofenimmor.di«deeUUnetaari.wal»xeqoi.«theu.eof 
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fresh patieot-dddved blood, which is often di£Qoult to obtaia. All Huee of these 
appTOafities t^qiiirsj of coiarse, fall infonned coiiseat firom the patiecit frcwn which the 
ixsiaterLal is derived. 

5 It is object of the present mve:ation. to provide alternative somce of genetic reference 
material that csn be used to standardise genetic testing. 

S^TiT ^iv^f ^T *y of the Invention 

10 In tl^e summary of Ifae invention that fbIIows,.&e term ''^human genettc ro&rence 
sequence" comprises a human DNA sequence confining sJL least onje genetic vadant 
whose presence in the DNA of a human subject is indicative of a pathological condition* a 
predisposition, to a pd^thologieal pondition,i or a predispQsition. to an adverse reaction to 
external stimuli. The said genetic variaiit con]qprises a cbang&i ins^ 
. .15 or more bases with respect to the most common sequence in a hlina.an.pjOpulation{i and 
includes single Htucleotide polymorphisms ($NPX mutations, base or sequence insertions^ 
base or sequence deletions and a ehange in tandem repeat kngtii. The reference sequence 
is characterised in that its toul length is at least 35 bases, and does not exceed 30 
Jdlobases. For some applications, the minimum lengih of the reference sequence may 

20 need to be more than 1 00 bases» to allow detection in an assay in which the reference is to 
be used. A length of 500 bases will be sufficient for ahnost all applications, but the 
skilled addressee may readily determine an appropriate length by routine escperiment, and 
without further inventive thought 

2& The invention provides a genetic reference standard Comprising at least one hmnaa 
genetic refeireoioe sequence cloned into a non-mammalian animal cell Ime. 

Preferably, the animal cell line is an avian cell line, more preferably a chicken (OaSus 
gattus) ceU line and most preferably the chidten DT40 cell Ihne. 

According to any aspect of the invention die at least one human genetic ref««nce 
sequaice is doned into a dispensable region of the cell's genome. 



09-DEC-S003 11:5S FT?0M:IPE1 LTD raicd-s c=,-^,=. 

- : . ™ LTD. 01603 S511E5 TO:+BlG33 B144-M P.BaT^eas 




4 



Also according to any aspect of the invcifliwi, tbe at least one human genetic reference 
sequence is cloned into a Mm-expreaaed region of the cell's genome. 

t 

Also according to any aspect of the invention, fte cloned cell line is diploid wi& respect 
s to tbe human genetic reference sequence. 

Also accor4ing to any aspect of the invention, liie at least one human genetic reference 
sequence is a pluraUiy of human genetic reference sequences. 

W Al so according to any aspect of the invention, the <tt each himito 
. sequence is not a fimctional chromosome. 

There is forthcr provided a method of detecting a genetic variant m a sample containhig 
hmnan DMA com prisiTig? 

,,.75, pfenning a test, responaive to UNA sequence, on said sample; 

. . , P«tf«»i^il«sa«ei^onareferenccsampkemM^^ 
detected: 

comparing the lest results obtained fiom said sample and said «fea««e sample to 
deteimine ifae pr eseaee « absence of said genetic variant; 

a> <^«*»ised in that said reference sample is a genetic refetiaoe 
any aspect of the invention above. 

The invention wi« be described by refo««^e to d« aocomp«^g drawings in which: 

Brief nftSf^Ti ption nffht^. Prawnig >; 

Figure I mustrates a targeting vector suitable for introducing a human g^etic reference 
sequence into a suitable cell Ime. 

«,u«« „^ . «U line, togeaer wlft fte aoge of «Jb » ptcdu«d: «^ 
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Figure 3 iUustales a targeting vector and a scheme l>y which heterozygous ceU lines may 
be |D»duced. 

Cloning »NA ftagmfiuts into a Mteralogom eukaryotic eeU ttaie in this way acts as an 
intermediate foim of genetic reference material. Being gcnomto-based. the niaterial 
would be both stable, and not presenl a coHtamimtion risk. Purftennore, by not 
containing ht»nan sequences, the background DNA would be less likely to ciOM-react in 
any human tasting protocol. Patient blood would not be required and Ihe handling of a 
paOiogeDic human virus would also be avoided. 



iO 



•nifi required human genetic reference sequence may he derived ftom a patient possessing 
the genotype assocLaied with the test. Alternatively, the sequence may be obtained feom 
»y unalfeoted individual and artificially modified such that the DNA sequence matches 
that of the mutant or rare form, "nius, the PCR product being cloned m^ derive from a 
IS buccal swab and need not evm be paiiantwietived. Also, the sequence may be derived 
fiom a normal human cell Une, and engineeied to introduce the required vaiianKs). The 
use of a cen line derived from an anonymous donor ia this way would obviate the 
tequixement for infonned consent from a known donor. Furthermore, if the required 
hmnan genetic reference sequence were of a sufficienfly short length, then it could also be 
iO syntbesised from knowledge of its sequHioe. 

Thus, hfflnan genetic reference material may be produced by the donmg of one or more 
DNA reference sequences into a (heterologous) nonrmammalian cell line. Hw. use of 
homologous recombiaaion methods aUows the creation, of ceU Hues with a oonttoUed 
25 number of copies of defined human DNA sequences. The use of homologous 
recomtdnation methods also allows the human DNA sequences to be targeted to a specific 
iDcadon wiHun the host genome. 

111 order to illustralB typical applications for Jhe invention, we consider some of the many 
so genetic screens for which ttie invention can provide reference materials. Genetic 
screening may be canied out for a number of ends, such as: 

1 . Screening for mutations that cause rare diseases; 

2. Screening for DNA variants whicsh predispose to common diseases; and 
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3. Screening for DNA vatiants which effect drug response. 
Examples of each of ibr^ types are grven below. la the partial lefereacB sequences 
quoted, the altered base$ are indicated by the use of lower case letters. 

5 / - Gene mutations or variants that eama gmeiic disorders 

If qystic Fibrosis 

Cystic fibrosis is a commoa (recessive) xnonogeiikic disease in European populations^ 
ocourring 1 in aroimd 2500 live hkfhSi, There are m^ny cauBative mutations^ but in the UK 
10 population 9 mutations account for around 83% of th& CF mutations p>F50S - 75.3%; 
G551P - 3*08%; G542X - 621 ^ I (G > T) - 0.93%; 1717-1(0 > A) - 0,57%; 1S9S 

> IXG > A) - 0.46%; RIHH - 0.46^^ N1303K: 0,46%; RSS3X - 0,46%] 

f 

■* * ■ • 

DNA sequence (TTT deletion): 

is TCAGTTTTCCTGGATTATGCCTOOCACCATTAAAGAAAATATCATCtttGGTGTT 
TCCTATGATGAATATAGATACAGAAGCGTCATCAAAGCATGCCAACTAGAAG 
AQQACATCTCC 

I(H> Sickle Cell Anaemia 

20 Sickle cell anaemia i$ an inherited blood disorder cfaaracteaized primarily by dbronic 
anaemia and pedodic episodes of pain. Sidde cell anaejaaia is an autosomal recessive 
genetic: disorder caused by a defect in the beta-haemoglobiD. gene (HBB). The disease 
occurs in about 1 in every SOO African- Amexioan births and 1 in evezy 1000 to 1400 
Hispanio-American births. Although several hundred HBB gene vasjants are known, 

25 sickle ceU anaemia is most conxmonly caused by the hemoglobin variant Hb S. La tUs 
variant <E6V) the amino add valine takes the place of glutamic acid at the sixth finoino 
acid position of the HBB polypeptide chaiiu 

NCBI SNP CLUSTER ID: rs334 
30 ACCTCAAACAGACACCATGGTGCACCTGACTCCTGa/tGQAGAA0TCT(3CCQT^ 
ACTGCCCTGTGGGO 

Myotonic dysirapky 
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Myotonic dystrophy is a dominantly inherited disease in vMdi the muscles contract but 
have decreasing power to lelax. Willi, tbis condition, the muscles also becomfii aad 
waste away. Una^cted individuals have between 5 and 27 copies of an 'AGC/CTG 
triplet repeat* hi the 3* untranslated rejgion Of a piotehi Idnase gene. Myotcmic dystrophy 
5 patients who ^ miDimally aKbcted have at least SO repeats, while more severely affected 
patients have an expansion of up to several Idlobase pairs* 

n Gene variants that predispose to Carders 

io nO) FaeiQT 2 (Protkrambin) 

This is a G-to^A transition variation at position 20210 in the 3* untranslated region of the 
prdlfarombin gene Ifaat is associated with elevated pla$ma prothrombin levels and m 
increased risk of venous thrombosis, llie minor (A) allele is present at a frequmcy of 
around 1%, so lhat individuals heterozygous tot the variant occur at a frequency of around 
f s 2%, Individuals homozygous for Ihe vaxiaat occur very rarely at a frequency of around 1 
inlO^OPO. 

NCBI SNP CaLUSTER ID: r8l7$$963 

GTTCCCAATA AAAGTGACTCTCAGCg^aAGCCTCAATGCTCCCAGTGCTATTC 

20 

n(U) Fadw 5 

This i$ a G-to-A variant at position *169r causing an Arghaine to Ghitamine amino acid 
substi.tution. Again, this is associated with risk of venous tbtombosis. Individuals 
heterozygous for the variant occur at a frequency of around 5%, and mdividuals 
25 homozygous for the variant occur at a frequency of around 1 in 1650. 
NCBI SNP CLUSTER ID: rs6025 

TCTGTAAGAGCAGATCCCTGGACAGGCg/aAGGAATACAGGTATTTTGTC 
CTTGAAGTAA 

30 lI(iU}Hereditiuy haemochromatosis 

Heiteditaiy haemochromatDSis is a common (recessive) iron-overload disorder. There are 
two conmiott mutations: C282Y and H63D. The C282Y mutation results from a G-to-A 
transition at nucleotide 845 of the HFE gene (845G to A) that produces a substitution of 
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cysteme for a tyrosine at amino acid po&itlotx 282 in tbe piotein pxodwTt. In the H63D 
mutation, a G replaces C at nucleotide 187 of tbe gene <IS7C to G)« causing asr|>artate to 
substitate for bistidine at dxnido acdd posMo(Ei 63 in the HFE protein., Jjodividuals 
homozygous for either of these variants or compound het^^ 
ji of iton overload disease. In the UK population^ C282Y has aa allele firequency of around 
0.07 and H63D has m allele fi^eque^cy of around 0.14. 

GACCA<3CTGTTCGTGTTCTATGATc/gA.TGAGAGTC0CCGXGTGGAGCCCCGA . 

10 

C2«2Y DNA sequeiieei 

CGCTGGGGAAGAGCAGAGATATACGTg/aCCAGGTQGAOCACCCAOGCCTOOA 
TCAGCC 

• - ♦ 

mfi) ThwpuriH£i S^methyltrantferwe (TPMT) 

TPMT gene variation affects an individual's ability to metabolize the thiopurine class of 
dmgs. Studies have shown that one in 300 individuals (0.3%) have low to absent levels of 
20 TPMT enssyme activity (homozygous recessive)* 11% have intermediate levels of en^Qone 
activity (het^o^ygous) and 89% have normal to high levels of enzyme activity 
(homozygous normal). TPMT testing allows physicians to idsntify,^ pdor to initiating 
therapy^ patients who are at risk for developing acute toxicity to the thiopuiine class of 
drugs. 

^$ 

Four variant TPMT alleles have been identified (TPMT*2, TPM:T*3A, TPMT»3B, 
TPMT*3C), which account frar -80% of Caucasians with low or intemiediate TPMT 
activity. TPMT'^2 contains a 0->C substitution at nucleotide 238, while XPMT'i'SA 
contains two nucleotide tramsitiou mutations (G460A and A719G). TPMT*3B has only 
30 G460A, vdiile TPMT*3C eontaiDB only A7190. The Caucasian allele :6%ique3»cies are: 
TPMT*2 - 0,5%; *3A~ 4.5%; *3C - 0.3% 
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Thig xdAge of examples of g&netic screetsfi will allow the skilled addressee to identify 
other potential appUcatiions for tije cwnent inventions. Whilst only short sequeances have 
been Ideatificd in the above exan^les, longer sequences containing the same gesaetio 
variants may Tsadily be cOTStructed by reference to tiie published sequence data, should 

5 these be required in any assay usmg the standard. The genetic variant (e.g. SNP, 
mutation^ deletion, insertion ete.) may canvenientty be located in any position in fte 
human genetic reference sequence, as required for any subsequ^t assay. Howcvrar, &r 
somCi assaysi it is particularly advantageous to locate the variant towaids the centre of the 
human genetic reference sequence, Preferably also, tihe human genedic refermoe 

iO sequence is oot a ftinctional chromosome (i.e- unable to stably replicate independent of 
the host g^ome) and most preferably non-centromeric. 

Preferably, the human genetic reference sequ^ce may be cloned into a non-mammalian 
euicatyotic cell to provide a genomic DNA baclcground that would not be likely to cross 
15 react with the geiietic test Avian cell lines are particularly suitabie for this purpose, as the 
genomic DNA is substantially different to that of humans. Of these line, cells from 
ehicken iGdIlus gallus) are an especially advantageous heterologous host, as not only is 
chicken genomic DNA substantially different to that of humans, but also has a similar size 
(c^ 1 .2Cjisabases for chicken compared with 3.20igabases for humans). 

20 

The ehickea B-ceU line DT40 (Baba <»/,Virology 144:139-151, 1985) is a particularly 
efiBtedve cell line for this purpose, as it is highly ii^ombination-efScient and avoids the 
likelihood of multiple integrant copies and instabUiiy assodated with random integration. 
There is also a. considerable existing literature on techniques for gienetic manipulation of 
25 DT40. Using the cells recombiaalion maelunery a single DNA molecule may be 
integrated into a defined position by the use, e.g» of targeting arms. Such techniques will 
be illustrated in the embodiment below. 

In order to mimic the situation that may be encountered in human patient-derived 
30 sample$, both hOEa02;ygotes and heterozygotes may be produced as desired. 

In order to facilitate the oonstruction of a number of manipulated cell lines for diffefent 
genetic tests, a single targeting constructj given the teaching of this disclosurej. may be 



09-DEC-2B03 11:58 FROMrlPSl LTD. 01603 E511S5 TO:+01633 814444 P.013''022 




10 

cOflstTUCSIied tim would serve fiw aU required DNA ftagments. Alternatively, a pair of 
constructs wiHi- identical targeting ansiw but different antibiotic resistance genes (sec 
below) may be used fear the pacoducticMi of heterozygotes^ Finally, by using niuitiple 
recombinfltioa sites, single ceU lines may be produced carrying multiiile leferenee 
fragments. This approach may be &cUitated by the use of mutated LoxP sites, to allow 
tbe re-use of antibiotic resislsnce markers. 



Embodiment 1 

10 This embodiment illustrates a way in whicb the iavention may be worked to create a 
genetic reference standard by insertion of a human genetic jefcrenoe sequence into a 
dispensable region of the cbicken DT40 cell line. 

Figuie 1 shows, diagr^unmatically, a largetrng vector diat may be msed to realise the 

iB . cmmt invesition. The vector, generally. 1, eomprisea tbe pjglueseript seqwaice 2^ of use 
in the bacteiial slaved of construction of , the targeting plasnud, a left targeting aim 3» ifae 
hunian DNA fragment 4 to act as the reference material, an antifaiotic resistance gene 5 
and a right targeting arm 6. The targeting am&s cany ohidcen DNA sequences for 
homologous iCQombination^ enabling ihe integration of the human sequence and the 

2D antibiotic resistance gene into a specific site of the DT40 genome. The antibiotic 
resistance gene 5 may be flanked by mutant LoxP sites 7* $, In the »{ample shown in 
Figure 1, there is a LoxP RE mutant 7 and a LoxP LE mutant S. These toxP sites enabla 
the removal of the antibiotic resistance gene by use of the enzyme CSE Recombinase, 
once the vector sequences are integrated iato ihe cliicken genomCt Xhi$ technology is 

25 described in Arakawa et ah BMC Biotechnology 2001, 1:7. Situating the mutant LoxP 
sites flanking the antibiotics resistance gene enables the subsequent removal of the 
antibiotic resistance gene, £acDitating the re-use of tbat antibiotic selectioti marker in any 
fiirthar gene-targeting events in the modified cdl line* The targeting vector 1 also has a 
unique restriction enzyme site 9 to enable the vector to be linearised by cleavage with a 

30 restriction eos^e. prior to mtrodueing it into the host DT40 ceU lines by ekctroporadon. 
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Typically eadi td^t^geting mA 3, 6 would be l-Skilobases ia size. In bummi DNA tbe 
human DNA firagmeat would typically be around Ikilobase in &i?e^ and the variant base 
would be located towards the ceatre of ihe fragment. 

5 In this example^ the hummi genetic reference sequence 4 is to be inserted ia a dispensable 
ceglon of the DT40 genoiae. A suitable dispensable region is the geues coding for the 
high mobility group A (HMGA) fftiuily of non-hi$tone chromosomal proteins, euooded by 
the two related geues, HMOAl and HMGA2. It has been shown by Beitzel and Busfamai). 
("Coisstruction aud analysis of cells lacfcmg the HMGA gene family*" Nucleic Acid^ R&s, 

10 2003 Sep l:3Ul7):502S-32-) that the HMGA gene fa»iily is diBpeosable for growth in 
DT40 cells. They found no significaait changes m the activity of appi-oxuaately 4,000 
chicken genes following deletion of either or bath HMGAl or HMGA2. they concluded 
that ttifi HMGA proteins are not strictly required for growth control bx DT40 cells. This 
region of the DT40 geaome is thus a suitable target for insertion of the human genedc 

16 ief«ence sequence 4. Others may readily found by the skilled addressee, by reference 
to the Utetature (sw eg. U Y, StiaUer JR, Dodgsoi? JB. "NeitJier HMG-14anor HMG-17 
gene fimction is required fer growHi of chicken pT40 ceDs or mamtBoance of DNasd- 
hypetstasmve sites." Nucieie Aeid^ Ses. 1997 Jan IS; 25C2):2S3.8) or sequence 
databases. 

Thus, the left targeting atm 3 and right targeting arm 6 may be constructed by »&teac6 to 
the published sequence of HMGA gene femily. The pla$mid 14 may theiefere be 
constructBd usine weU-estabJished pBlnesoiipt constructs using tliese targeting anns 3 
and 6 and the human genetic lefetence sequence 4. A suitable antibiotic resistance 
25 marker 5 wiU be evident to the iskilled addressee and would indude. for example. 
Neomycin, Puramycia or Plastiddin. These antibiotic resistance genes may be driven by 
tiie drickea B-actin promote. Detailed protocols for construction of the plasmid wiU be 
iumiediately evideni to the skilled addressee givan this teaching. 

30 Following construction of the plasmid 1. the skilled addressee will be leadUy able to 
ttanaform the host DT40 cells by, for example, linearisation of the plasmid 1 wiJh 
restriction enzyme apecifie for the restri<^on site 9 and iniroduce the linearised construct 
into DT40 by e.g. eleotropcoWion. 
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ginhndimeafli 2 

Has embodiment demonsteltes how tbfi invention may be worked to create a di-aUelic 
5 genedc refecoice standard- 
Figure 2 mustrates the first part of 1iiie c»ll line constra^^ Thereisillusiiateda 
plasBiid 14 containing ths pBluesctipt sequences 2, a left targettog ann 3 and a right 
targeting am 6. and an antibiotic resistance maffcer 15 vdtb appropriate ptomotWB. The 
plasimd also has the mutant LoxP sites 7 and 8. The first binnatt genetic teference 
sequence which will make up one of the alleles is illustrated as 16. 

Host DT40 cells to be ttansfbnned in liris &5t step are represented by U wifli the two 
native chiokea DNA alleles 12 and 13 illustrated at the doiiing site. 



Following recombinatioil after inlrodtiction of the plasn^ 14 into host cella 1 1» three 
cell types may be present Cell t^rpe 17 iqjiesents a hranizygote containitig the integrated 
human genetic refisreoce sequence 16 and ihe andbiotlc lesistance marker 15 flanked by 
the two mutaxA LoxP sites 7 and 8. There may also be cells 18 homozy^tio for the 
20 human geiietic reference sequence l€, the antibiotic leastaoce madcer 15 and the two 

mutant LoxP sites 7 and 8. Fmally, there will be a popukdon of eella 19 tiliat has not been 

transfocmed. 

The untrans£>i:med cells 19 may be elmunated by selection with the sppsoptis^ antibiotic 
2S leavmg a mixed populadon of hemizygotes 17 and homozygotes 18, There may also be 
scone cells pressaat (not illustrated) cOnJaining additional copies of plasmid-derived 
^netic material by random integration (i.e. not at the target site). Clonal sub populations 
from this mixed culture may be readily produced by Ihe skilled addressee by, £» ^K^pli^ 
the use of a dilution tedmiqua or flow cytometry asasted c^l sorting. (If it is- desired to 
30 use flow cytometry to produce a clonal sub-populalion, then the gene {as green 
fluorescent protein - or a similar fluorescent protein - may be conveDieaitly attached to 
one end of the targetii^ eoBStract, so that it is retained, and expressed. iA random, 
integrants, but eliminated from targeted integiiants, so allowing the s^arstian of the 
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desii^d cells by Fluotesceiice Assisted Cell Sortmg). Th6$e clonal c$U lines may thea be 
screaaed using &g. FCR and Southern Blotting to choose the lim 17 that is heinisiygous 
for the toonan genetic rfifei?race sequence 1 6. 

This hemizygous cell line 17 is then \md as the host for the second st^ge of fiie 
procedure, whtjcth is illustrated in Hgure 3. A second plasmid 20 is used in this stage of 
the process. This again xnay 6oniain the pBluescnpt elements 2» the left and right 
tazgedng aiims 3 and and the unique Testdction site; 9. Iliis second plasmid 20 also 
coAtahis a seoond antibiotic reisiistance marker 21, distinct fiom the first marker 15 
illustrated in figure 2, This second markear 21 may again be flanked by the mut^mx LokP 
^ites 7 and S. Inclt^ded in this second plaaziid 20 is the second human genetic reference 
sequence 22. TWs could be id^cal to that used m the first stage to create a homozygous 
cell line, or could b© the human genetic rrference secjuence vnthout the SNP to create a 
heterozygous stendardu 

Using the heimbQ/gous cdl liae 17 as tibe starting host, recombination may be perfoimed 
Wing tlus second plastcid 20 beibce. Predomiiiant cell types resuhmg fiom this will be 
hetBrozygote$ 23 containing both antibiotie reaistanee inarlRia 15, 21 and both human 
genetic refeience ssquencss 16 and 22. Ihaie nu^ also be some ceU types that aie 
homozygous 24 for the second marha 21 and sequenee 22 where these sequences have 
replaced <hose mseited m the firat stage. There wiU also be cells that aze hemizygotic 17, 
i.e. where no recombmatioa haa ocscimsd in this second stage. The heteMcygotic cells 23 
may be selected by flie use of both antibiDtic selection maikets. The rasiatance markers 
15 and 21 may ^ be removed ftom these heteioaygotte cells 23 by the use of Cre 
RecomWnasB to produce the genetic lefettiMe standard cells 24 containhjg just the two 
refigrenoe sequences and the non-muJanl LoxP sites 25* 



30 



Ihe invention is described in the claims that follow; in which tiie term "human genetic 
reisrence sequence" con^ses a human DNA sequence conlaimng at least one genetic 
variant whose presence in the D>JA of a human subject is hwHcaUve of a paiJioIogical 
conditioa, a predisposition to a pathological condition, or a predispoation to an adverse 
reaction to external stimuli The said genetic variant comprises a change, inaertian or 
deletion of one or more bases with xespect to the most common sequence in a ^^r rys,r, 
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populatloix, and includes single nucleotide polymoiphisihs (SNP)» mutadons, base or 
sequence imserdons, base or sequence deletions iua4 a change in taadem repeat lengdi. The 
reference sequence is ehaeatsteiised in that itis total lenglii is at least 35 bases, and does not 
exceed 30 kilobases. For some appliofttlons, the minimum lengOi of the teferenoe 
5 sequence may need to be more than 100 bases, to allow detection in an assay in which the 
refeienoe is to be used. A length of 500 bases will be suffident tea ahnost all 
applications, bu* Ihe skilled addressee may readily determine an appropriate length by 
routine experimeni, and without further inventive thought. 
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1 . A gen^C teference standard comprisnflg at least one human genetic reference sequence 

cloned into a noiw»afl(fflMlian animal cell line. 

2. The genetfe reference standard of daim 1 wherein the animal ceU Une is an avian oeU 

line. 

3. Tbs geofitic reference standard of claim 2 wherein the ceU line is a chicken (Qallus 
10 gallus) cell line. 

4. The genetic refwence material of daim 3 whraeift the dii^ 
DT40 ceU line- 

IS 5. A gemetio reference standard according to any preceding claim wherein the at least one 
human genetic refereiwe sequence is cloned into a dispensable region of the cell*s 
l^nome. 

6. A genetic reference standard according to any preceding claim wherein the at least one 
20 hmnan gewtie reference sequence is doned i»to a non-expressed region of the odl's 

genome. 

7. A genetic reference standard according to any precediiig claim wherein the cloned cell 

line is diploid with respect to the human genetic reference sequence. 

5. A genetic reference standard according to any preceding daun wherein the at least one 

human genetic reference sequence is a plurality of human gemetic reference sequeoces. 

6. A genetic reference standard according to any preceding daun wherdtt the or eadi 
30 hnman genetic reference sequence is not a functional chromosome. 

10. A method of detecting a genetic variant in a sample cootaming human DNA 
comprising: 



f 
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p&foraaxxg a test, responsive to DNA sequence^ on ssid sample; 

perfonaiag the same test on a leferenee sample embodying the genetic variant to be 

detected; 

oompaang ^ test tesults obtained from said sample and said inference sample to 
determine ihe presence or absence of said geioetic variant 

oharacterised in that said refeieoce sample is a genetic reference standard according to 
any preceding cldunu 
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ABSTRACT 



Genetic Reference MAtcriaJs 



5 The invention provides a genetic reference standard oompcisiag at least one human 
genetic refezence s^uance (compdsing a human DNA sequence containing at least one 
gencfic variant whose pieseaAce in the DNA of a humaa subject is indicative of a 
pathological conditioti, a predisposition to a pathological condition, or a predisposition to 
an adverse reaction to external stimuli) cloned into a non-manunalian animal cell line, 
f o There is also provided ^ch reference standards where the human DNA is targeted to 
specific location in the host genome, using homologoiis reeotxibination. the invention 
fiirther provides a method of detecting a genetic variant using such ref^eace standards. 



15 Figure 1 should accompany the abstract. 
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